In the course of our screening program for anticancer agents from natural sources, five new angucyclines, JBIR-90 (1), -116 (2), -91 (3), -92 (4) and -93 (5), were isolated from the fermentation broth of Streptomyces sp. RI33. The structures of 1-5 were elucidated on the basis of 1D and 2D NMR spectroscopy and MS analyses. Compounds 2-4 showed cytotoxic activities against malignant pleural mesothelioma cells at IC 50 values of 20-50 mM.
INTRODUCTION
Malignant pleural mesothelioma (MPM), which is associated with exposure to asbestos fibers, is an aggressive neoplasm that develops from the pleura and is highly invasive to surrounding tissues. 1,2 MPM has been shown to be resistant to all conventional therapies, including chemotherapy, radiotherapy and surgery, and the prognosis of patients remains very poor. Consequently, it is a tumor that continues to be a difficult clinical problem. [3] [4] [5] Therefore, developing novel therapeutic agents against MPM cells are strongly desired. We have already reported that a novel compound, JBIR-23, which was isolated from Streptomyces sp. AK-AB27, showed antitumor activity against MPM cells, with tubulin polymerization-promoting activity. 6, 7 We have also discovered novel anti-MPM compounds, namely, the teleocidin analog JBIR-31, 8 the aminocaprophenone alkaloid ficuseptamine B 9 and the 1,1-dichlorocyclopropane-skeleton-containing angucycline JBIR-88. 10 In the course of our screening program for cytotoxic compounds against MPM cells from microbial metabolites, we succeeded in isolating new compounds termed JBIR-90 (1), -116 (2), -91 (3), -92 (4) and -93 (5) from the culture of Streptomyces sp. RI33 ( Figure 1 ). This paper describes the fermentation, isolation, structure elucidation and, in brief, the biological activity of 1-5.
RESULTS AND DISCUSSION
Structure elucidation of 1 Compound 1 was obtained as a yellow powder. The IR spectrum of 1 revealed the characteristic absorptions of a ketone (n max 1705 cm À1 ) and a quinone (n max 1620 cm À1 ) group. The molecular formula of 1 was determined to be C 25 H 24 O 7 on the basis of HR-ESI-MS data. The direct connectivity between each proton and carbon was established by the heteronuclear single-quantum coherence spectrum, and the 13 C and 1 H NMR spectral data for 1 are shown in Table 1 . The analyses of double-quantum-filtered (DQF)-COSY and constant time heteronuclear multiple bond correlation (HMBC) 11 spectra revealed the structure of 1 as follows.
The sequence from methylene protons 2-H (d H 3.02, 2.56) to methylene protons 4-H (d H 2.98, 2.67) through a methine proton 3-H (d H 2.46), which was in turn coupled to a methyl proton 3-CH 3 (d H 1.20), was observed in the DQF-COSY (Figure 2 ). The HMBC correlations from 2-H to an a,b-unsaturated ketone carbonyl carbon C-1 (d C 199.3) and an aromatic carbon C-12b (d C 136.6), and from 4-H to two aromatic carbons, C-4a (d C 150.4) and C-12b, established a 3-methylhex-5-en-1-one substructure. The spin coupling between two aromatic protons, 5-H (d H 7.53) and 6-H (d H 8.28), together with 1 H-13 C long-range couplings from 5-H to two aromatic carbons, C-6a (d C 133.5) and C-12b, and from 6-H to two aromatic carbons, C-4a and C-12a (d C 135.9), indicated a 3-methyl-1-oxo-1,2,3,4-tetrahydronaphthalene structure. An aromatic proton 11-H (d H 7.71), which was spin-coupled with another aromatic proton 10-H (d H 7.90), was strongly meta-coupled to two aromatic carbons, C-7a (d C 114.8) and C-9 (d C 137.1), and long-range coupled to an aromatic carbon C-11a (d C 133.7), a quinone carbonyl carbon C-12 (d C 182.8) located at the peri-position, and another quinone carbonyl carbon C-7 (d C 188.0). The aromatic proton 10-H was meta-coupled to two aromatic carbons, C-8 (d C 158.2) and C-11a, and W-letter long-range-coupled to a quinone carbonyl carbon C-12. The long-range coupling from a hydrogen-bonded phenolic hydroxyl proton 8-OH (d H 12.72) to three aromatic carbons, C-7a, C-8 and C-9, established a naphthoquinone substructure. The connectivity between these two substructures was established by the long-range couplings from 5-H to the quinone carbonyl carbon C-7, which suggested a 1,2,3,4-tetrahydrotetraphene skeleton. This chromophore moiety was also supported by the UV absorptions (l max 268 and 405 nm), which corresponded to those of urdamycin B 12,13 and urdamycinone B. 14 A remaining pseudo-glycoside unit was established by the sequence from an oxymethine proton 1¢-H (d New angucyclines from Streptomyces sp. RI33 J Ueda et al Table 1 13 C and 1 H NMR data for 1-5 Figure 2 ). The HMBC from 2-H to a ketone carbonyl carbon C-1 (d C 208.2) and an oxygenated quaternary carbon C-12b (d C 78.9), from 4-H to two oxygenated quaternary carbons, C-4a (d C 87.6) and C-12b, and an olefinic carbon C-5 (d C 142.7), from 5-H to C-4a, an aromatic carbon C-6a (d C 139.9), and C-12b, and from 6-H to C-4a and an aromatic carbon C-12a (d C 139.5) indicated the presence of a 3,4,4a,8a-tetrahydro-4a,8a-dihydroxy-3-methyl-1(2H)-naphthalenone substructure. Other COSY and HMBC correlations were the same as those of 1, establishing an angucycline 9-C-olivoside structure, as shown in Figure 2 . This 4a,12b-dihydroxyl form of angucycline was also supported by its UV absorption (l max 318 and 425 nm). 12, 13 The presence of two additional sugar moieties was determined as follows. Table 1 , establishing an a-2,6-dideoxy-lyxo-hexopyranoside (oliopyranoside) structure.
Another O-glycoside unit, an a-oliopyranoside, was deduced in the same manner, as shown in Figure 2 . The 1 H-13 C long-range correlations from the two anomeric protons r1-H and o1-H (d H 4.99) to C4a and C-r4 (d C 81.4), respectively, concluded the substituted position of these glycosides, as shown in Figure 2 . Thus, the structure of 2 was determined, as shown in Figure 1 .
Structure elucidation of 3
Compound 3 was obtained as a dark yellow powder. The IR spectrum of 3 revealed the characteristic absorptions of a ketone (n max 1720 cm À1 ) and a quinone (n max 1630 cm À1 ) group. Its molecular formula was determined as C 39 H 51 NO 14 by the HR-ESI-MS analysis. The 13 C and 1 H NMR spectral data for 3 (Table 1) Figure 2 . Thus, the structure of 3 was determined, as shown in Figure 1 . 1,2,3,4,4a,12b -hexahydrotetraphene, an a-olivopyranoside, an a-rhodosaminopyranoside and an a-oliopyranoside moiety were conserved, as in 3 (Figure 2 ). The HMBC correlations from the AB-type aromatic proton 5 00 ,9 00 -H to a phenolic carbon C-7 00 (d C 162.5) and an aromatic carbon C-3 00 (d C 133.0) at the peri-position, and from another AB-type aromatic proton 6 00 ,8 00 -H to an aromatic quaternary carbon C-4 00 (d C 123.5) revealed the phenol moiety. Long-range couplings from 10-H (d H 7.80) to C-3 00 suggested that the phenol moiety and the tetraphene unit are attached through C-3 00 . A remaining unit, an ester carbonyl carbon C-2 00 (d C 161.1), was found to form a six-membered ring system consisting of C-2 00 , C-3 00 , C-11, C-11a, C-12 and an oxygen atom, as shown in Figure 2 . This characteristic chromophore was supported by UV and visible absorption data (l max 310 and 504 nm) in comparison with those of urdamycin C. 12, 14 Thus, the structure of 4 was determined as a p-hydroxyphenylacetic acid complex of 3, as shown in Figure 1 . (Table 1) revealed that the signals in the condensed ring unit and the sugar units were super-imposable with those of 4. The structural differences between 4 and 5 are as follows.
The sequence from an aromatic proton 7 00 -H (d H 7.55) through two aromatic protons, 8 00 -H (d H 7.57) and 9 00 -H (d H 7.14), to an aromatic proton 10 00 -H (d H 7.23) was observed in the DQF-COSY (Figure 2 ). 1 H-13 C long-range couplings from an aromatic proton 5 00 -H (d H 7.89) to three aromatic carbons, C-4 00 (d C 109.2), C-6a 00 (d C 137.5) and C10a 00 (d C 128.3), and a low-field shifted 13 C chemical shift of C-5 00 (d C 132.7) and C-6a 00 indicated the presence of an indole structure. The UV and visible absorption spectra of 5 (l max 328 and 578 nm) were the same as those of the known indoleacetic acid-conjugated angucycline urdamycin D. 12, 14 Thus, the structure of 5 was determined as a 3 00 -(3-indolyl)-substituted congener of 4 instead of the hydroxyphenyl group, as shown in Figure 1 . (Table 2) . However, 1 and 5 did not show cytotoxicity against ACC-MESO-1 cells at a concentration of 100 mM. In addition, 1-5 exhibited cytotoxic activity against HeLa cells with IC 50 values of 18-75 mM (Table 2) .
METHODS

General experimental procedures
Optical rotations were obtained on an SEPA-300 polarimeter (Horiba, Kyoto, Japan). UV and IR spectra were measured on a DU730 UV/Vis spectrophotometer (Beckman Coulter, Brea, CA, USA) and an FT-720 spectrophotometer (Horiba), respectively. NMR spectra were recorded on a Varian NMR System 500 or 600 NB CL (Varian, Palo Alto, CA, USA) in CDCl 3 (7.25 13 C), with the residual solvent peak as the internal standard. HR-ESI-MS data were recorded on an LCT Premier XE mass spectrometer (Waters, Milford, MA, USA). Normal-phase medium-pressure liquid chromatography was performed using a Purif-Pack SI 30 column (30 mm; Shoko Scientific, Yokohama, Japan). Analytical reversedphase HPLC was carried out using a Capcell Pak C18 MGII column (5.0 mm, 4.6 mm i.d.Â150 mm; Shiseido, Tokyo, Japan) equipped with a 2996 photodiode array detector (Waters) and a 3100 Mass Detector (Waters). Preparative reversed-phase HPLC was carried out using a Capcell Pak C18 MGII column (5.0 mm, 20 mm i.d.Â150 mm; Shiseido).
Microorganisms
The producing Streptomyces designated as RI33 was isolated from a lichen obtained from a soil sample collected at Shuri (Okinawa Prefecture, Japan) by the SDS-yeast extract method. 15 The genus of the strain RI33 was identified with the partial 16S rRNA gene sequences (660 bp) by using EzTaxzon. 16 The strain belonged to the genus Streptomyces, as the 16S rRNA gene sequence comparison exhibited high sequence similarity of 99.24% to that of Streptomyces albiaxialis strain NRRL B-24327 T (accession no. AY999901).
Fermentation
Streptomyces sp. RI33 was cultivated in 50-ml test tubes each containing 15 ml of a seed medium consisting of starch 1% (Kosokagaku, Tokyo, Japan), Polypepton 1% (Nihon Pharmaceutical, Tokyo, Japan), molasses 1% (DaiNippon Meiji Sugar, Tokyo, Japan) and meat extract 1% (Extract Ehrlich; Wako Pure Chemical Industries, Osaka, Japan), pH 7.2 (before sterilization). The test tubes were shaken on a reciprocal shaker (355 r.p.m.) at 27 1C for 2 days. Aliquots (2.5 ml) of the broths were transferred to 500-ml baffled Erlenmeyer flasks (20 flasks) containing 100 ml of a production medium consisting of starch 2.5% (Kosokagaku), soybean meal 1.5% (Nisshin Oillio Group, Tokyo, Japan), dry yeast 0.2% (Mitsubishi Tanabe Pharma, Osaka, Japan), CaCO 3 0.4% (Kozakai Pharmaceutical, Tokyo, Japan) and Diaion HP-20 1% (Mitsubishi Chemical, Tokyo, Japan), pH 7.2 (before sterilization), and cultured on a rotary shaker (180 r.p.m.) at 27 1C for 5 days.
Isolation
The mycelial cake obtained from the fermentation broth (2 l) was extracted with Me 2 CO (500 ml). The extract was concentrated in vacuo, and the aqueous concentrate was extracted with EtOAc (100 mlÂ3). After drying over anhydrous Na 2 SO 4 , the organic layer was evaporated to dryness. The residue (845 mg) was subjected to normal-phase medium-pressure liquid chromatography and successively eluted with a stepwise solvent system of n-hexaneEtOAc (0, 10, 20 and 25% EtOAc) and CHCl 3 -MeOH (0, 2, 5, 10, 20 and 50% MeOH). The 5% MeOH fraction (54.7 mg) was purified by preparative reversed-phase HPLC with 65% MeOH-H 2 O (flow rate 10 ml min À1 ) to yield 1 (6.3 mg, Rt 24.8 min). The 10% MeOH fraction (31.4 mg) was purified by preparative reversed-phase HPLC with 55% MeOH-H 2 O (flow rate 
